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Spin  tests have been oanducted in  the IaJlgleg free-apinning tunnel 

on a l - s c a l e  model of the MGDonnell X- a i rp l ru le  with the normal 16 
X - t a l l  replaued with a ahorticoupled comentionalr.t;ail ammganent. 

various m&fications upon ths spin and reoovery a m t e r i s t i o s  of the 
m o d e l  were determined. 

- Tfie effect  of the conventionalrtail ammgement and the effects of 

I 

m e  results OS the tes ts  indicated that installa.tion of the 
conventionaLtail azmmgment will not  provide  satisfactory recmeries 
fman spins of the airplane. Satisfactory  reaweries xi= be obtainable, 
however, either by installing i n  -tion a very large ventral f i n  
(17.94 sq f t ,  full-scale) below the tail or by decreasing the width of 
the fuselage and makLng it f la t  sided reanrard of the wing traillng edge. 

The results of the  spin tests of a 1 - s c a l e  model of the McDonnell 16 
XP-85 airplane, report'ed i n  reference 1, indicated that unsatisfactory, 
spi-recovery characteristics would be obtained wlth the originally 
proposed %tail imtalled on the aiqlane. Accordingly, an alternate 
conventional-tail arrangement having scanewhat bet ter  normal-flight 
s t a b i l i t y  chamcteristics than the x-taii (reference 2) waa proposed i n  
an attemgt t o  *prove satisfactorily the spi-recovery characteristics. 
R e s U l t E  of the additional spin bsts w i t h  t he  conventional tail installed 
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on the model are reported herein. Several alternate  modifications, 
including the flattening and narrowing of the side5 02 the fuselage 
rearward of the wing trailing edge, were tested on the model i n  an 
attempt t o  improve the recovery characterist ics of the model. 

SYMBOIS 

wing span, feet b 

S wing m a ,  square fee t  

m e a n ,  ael.odynamic chord, fee t  

ratio of d i s m e  of center of graviQ rearward of 
leading ehge of mean aeroaynamic ohord t o  meas 
a e w a  chord 

m t i o  of distaace between center of gravity and 
fuselage  center line t o  mean aemaynnmic chord 
(pmitive when center of gravrty is  below fueehge 
center l i n e )  

maas of airplane, slugs m 

magnents of Lmrtia abouk X-, Y-, n;nd z b o d y  =ea, 
reepectivea,  slug-feet2 . 

inertia yawi-anent parameter 

t 

Ix - Iy 
mb2 . 

=y - Iz 
mb* 

=z - =x inertia p i t c h i m a x e n t  paraneter 

air density, shw per cubic foot 
/ \  

P 

a 
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v fdl4aale rate of descent, fee t  per sea& 

R full-ecale angular velooity about spin axis,  revolutions 

a h e m  angle, angle between flight path aTad vertical, 

per second 
* 

degrees * (For tes t s  of t h i s  model, average absolute' 
value of heUx an& was a p p m t e l y  lo. ) 

P appra3cima;t;e a q l e  of sideslip at oenter of gravity, 
degrees (Sideslip is inward when m e r  wing is dam 
by 821 amount greater than the heI3.x angle.) 

c 
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The " soale model used for  the testa w&8 the sams as that used .16 \ f o r  the t e s t 6  reported i n  refereme 1 emept that -l;he X-tail was 
replaced by a conventional-tail arrangement. A thre-view &wing of 
the model with the comentional"tai1 inetaUrrtion is shown i n  figure 1. 
Airplane dimensional characteristics as repreoented by the model as 
t es ted   in  the f r e v p i m i n g   t u n n e l  are given i n  Wle I. 

A photograph of the m o d e l  i n  the clean condltion is shown i n  figure 2, 
Figxre 3 is a drawing of t h e  vertioal tail, md figure 4 shms alternate 
horizontal tails tested. Mr. D. S. Lewie of the &Dormell Aircraft 
Corporation had indioated that the larger horLzontal tail I s  required 
f o r  stabiuty. The Bmaller horizontal tail is so dbmnsioned that it 
w i l l  f i t  into  the 1 ~ 3 6  tomb bay without folding. Sketuhes of the 

. various modifications are sham i n  figwes 5 t o  8. 

As before, the model was b u s t e d   t o  obtain aynamlo similarity t o  
the a i r p l a n e  at an alt i tude of 13,OOO feet (p = 0.001496 slug/au f t ) .  
The mass data used in   bal las t ing the m o d e l  fo r  the t e s t a  reported, In 
reference 1 wore also used for the c m n t  tes ts  since it aaears that 
substituting  the conventdona1 tail for the X-eail w4_U a l t e r  the m~ss 
characteristics of the airplane verg slightly. 



5 Wind Tunnel and Test- Teohnique 

The t es t s  were performed i n  the Iangleg -foot fbe-spiming 
tunnel,  the  opemtion of which, i n  general, ie similar t o  that of the 
IscneJey 1 5 f o o t  tunnel described i n  reference 4 except that the m o d e l r  
launching technique has been c w d .  With the  oontrols set i n  the 
desired  positions,  the model is lamxhed by hand with rotation  into the 
vertioaUy  rising air stream. After a mber of turns i n  the estabUshed 
spin,  recovery  attemgt is made by moving  one or more controls by medm 
of the remoWontro1 mechamism. A-r recoverg, the model dives into 
a safety  net. A photogmph of the model during a spin ie s h m  i n  .. 
figure 9. 
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The testing technique  applled and method of determining spin data 
were essentially the sane as f o r  reference 1. The control  configuration 
and manipuhtion used for the  "criterion  spin" f o r  these tests were as 
follare: elevator  set  at e i ther  full up or at  tw+th5rhs of i ts  fill-up 
deflection (depending on whioh gave the more conservative resulta; if 
it was not obvious which elevator  setting w o u l d  e v e  the slower recoveries, 
both settings were tested), ailerons set at onc+third of full defleation 
in   the  direct ion conducive t o  slower recoveries  (against the spin  for 
tlre unmodified model, and with the spin  for sane of the modifications 
tested) ,  ani rudder plaoed at  full with the spin and reversed t o  only 
twcbthirds of its full deflection a@Lnst the spin for recavery .  For 
sane of the current teets, recovery ma attempted by sj lmultanemly 

reversal. As is  explained i n  reference 1, recovery characteristics may 
be considered satisfmtory i f  recovery attempted Fraa #e criterion  spin 

e - moving the  elevator fKnn fUU. up to fuU down in  conjunction  with  rudder 

i requires 3 turns or LSSS. 

The spin results presented  herein  are  believed t o  be the  true 
values given by the model within the follawing limits: 

a , d e g r e e . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  fl 
# , d e ~ e  . . . . . . . . . . . . . . .  . . m . . . . . . . . . . . + 3 -  

V,percerit .................... . . . . . . . . ~ ~  
0,percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ ~  

-- 1 4 turn when obtained f r o m  motlor+ 
-Picture  records 

Turns f o r  recovery - 
+A turn when obtained by visual -2 

. 
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The preceding W t s  rmy have been exoeeded for  certain  spins i n  
which it was d i f f i o u l t  to  control  the model i n  the tunnel because of 
the. high rate of descent o r  because of the wandexlng o r  oscillatory 
nature of the spin. 

Ccmparison between model and airplane spin results (references 4 
and 5) iadiaates tha,t spin-tumel results am not always i n  crPaplete 
-ament with airplane spin results. In general, the &eh spun 
6 m e w h a t  steeper at a sanewhat higher rate of  descent and at f'ran 
5O t o  10' more outward sideslip than did the c o ~ ~ s p o n d l n g  airplanes. 

80 pqment of t he  models predicted satisfactorily the  number of tuxma 
required f o r  recoverg f k m  the spin f o r  the corresponding airplanes 
and that 10 percent  oveqstimated and 10 percent wderestimated the 
oorresponding turns f o r  recovery. 

\The ccmrparison made in refereme 5 fo r  20 airplanes shawed that 

Because of the  lmpmticabill ty of b - t a  the model exact ly  
and because of inadvertent damage t o  t he  model during the t e s t s ,  the 
measmd weight and m a  distribution of the model varled fr#m the 

8 t rue s o a l e d - d m  values within the fo3laring U m i t s r  
0. . Weight, pement . . . . . . . . . . . . . . . . . . . . .  Otolhigh 

Center-of-gra.vii+  location, perwent F . . . . . . . .  no variation 
Ix, percent 3 high t o  7 high 
I y , p e m e n t . .  . ; . . . . . . . . . .  3 h i g h t o 5 h i g h  

Inertia Iz, perwent . . . . . . . . . . . . . .  3 low to 2 high 

. . . . . . . . . . . . . .  "...-( 
The . m - o - m y  of measuring t h e  weight and w 8  disbibut ion of the 

model are beUeved t o  be *thin t h e  foUowing limits: 

W e i ~ t , p e r C e n t . .  . . . . . . . . . . . . . . . . . . . .  .'..~1 
CenteMf-vi*  loce;tion, percent B . . . . . . . . . . . . . .  kl 
&menta of inertia, percent ..................... j3 

Tests wem per fomd for t h e  m o d e l  condAtions Usted on table II. 
m e  major part of the tests was conducted with the  larger  horizontal 
tail installed on the model ( t a i l  2 on fig. 4). Au tests were  
oonducted with the model in   the  Clem condition. The clean  condition 
is defined aa f o l l m :  flaps retracted, landing hook mtraated, and 
cookpit alosed. 

The m s s  abarmterist ics and the panmetera for the normal 
loading on t h e  airplane and for  the actual loadin@ tested on the 
model am listed on table III. The 11~38s distribution paramst9rs for 
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these  loadlngs aze plotted on figure 10. As discussed i n  reference 6, 
figum 10 o a n  be used as an aid i n  predioting the relative ef’feutiveness 
of the controls during reoovew f’ran spin. It Kill. be noted on table III: 
tht when the horizontal tail was raised to  the top of the fin, the 
mapaents of inerbia imreased and the mass distribution parame-rs 
ohanged sQ1LBWhBt. Ro attenpt was made to reballast the model t o  the 
original  110- loading for these t e s t s  &B it waa felt that a sunewhat 
similar change in  maDnents of inertia would  neoessmily ocour on the 
sirplane i f  the horizontal ta.il w e r e  shifted to  the top of the  fin. In 
addition, the a r i t i o a l   mas^ faotors that affeat  the spin were altered 
so slightly by “.e modifiaation that similar results would probably 
have been obtained had the model been reballa6ted t o  its normal loading. ’ 

The maximum oontrol  deflections ueed in  the tests were: 

Rudder, degrees . . . . . . . . . . . . . . . . . . .  X) right, 20 l e f t  
Elevator,  degrees . . . . . . . . . . . . . . . . . . . .  40 up, 20 dam 
Ailerons, degrees . 0 . . . . . . . . . . . . . . . . .  x) up, 20 darn 

The intermediate  control  deflections used for  the  spin tes ts  were: 

Rudder tw”bhirds deflected, degrees . . . . . . . . . . . . . . .  14 
Elevator two-thirds full up, degrees . . . . . . . . . . . . . . .  2‘7 
Ail,ernns on+third deflected, degrees ......... 7 up, 7 d m  

I 5 

€ESTJUS AM> DISCUSSION 

The test results are presented i n  oharbs 1 to 7 and table IV. The 
model data are presented in t e r n  of the f’ull-scalo values f o r  the 

a s m e t r y  i n  the model, results of right and left spina differed scmswhat 
and the results are generally presented for the  spins in both directions. 
I,t is fe l t  that fo r  a .truly  symnetrlcal model, the aotual turns for 

. reoavery would be an &rage of the results obtafned t o  the right and 
t o  the left. 

. aiqlane at a tes t   a l t i tude  of‘ l5,OOO feet. Due to sane Inherent 

Unmodified Conventional Tail 

farm horizontal tail.- The effect of control  setting on the 
steady-spin and recovery c ” t e r i s t i o a  of the corrventionalrtail 
model i n  the 110- loading are presen- on ohart I fo r  tests  w l t h  . 
the large horizontal tail installed on the model. For the n o w p i n  
control  configumtion  (rudder f’uU wlth the spin,  elevator fill up, and 
ailerons neutral)  recoveries fran the right spins by f’ull rudder reversal 
or by full simultaneous revernal of rudder and elevator were uneatisfactorg, 
whereas for the  spins to the left, satisfactory  recoveries were obtained. 
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By averagine; the number of turns required f o r  recaverg for  the  right 
and the l e f t   sp ins  a t  t h i s  control  setting, a nuuber i n  excess of 
2 turns ( t he  maximum number of turns allowable f o r  a satiefactorg 
recovery) is obtained. - .  

Setting  the  elevator dawn before  reversing  the  rudder generally 
’, aided  recovery  except when the ailerons were 3ull againet the spin. 

Setting the ailerons w i t h  the  spin  (ri@t  aileron :rp and left aileron 
down i n  a right spin) waa favorable and gene- led t o  rapid reooveries, 
whereas  sett ing the ailerons  against the spin wae adverse. 

I In order t o  evaluate the  poasible adverse effects on recovery  of 
small deviations fra the normal control configurekion for spinning, 

’ t e s t s  were run at the  control c o n f i m t i o n  p r e ~ m 3 y  referred to 88 
t h e  criterion  spin (for these tests,  ailerons were on+third against 
the spin, and elevator waa either f’uU up o r  tw”l;hirds bp). As is 
sham on chart 1, recweries frm the   cr l ter ian  spin  in   e i ther   direct ion 
w e r e  unsatisfactory even when both  rudder and elevator were reversed 
fully and sbrultaneously. On the basis of these test   results,   the 
reaovery chmacteristics of the m o d e l  are considered  unsatisfactory, 

’ and it appears that normal-Contml man ipa t ion  zor recoveq ( ~ U U  
rapid rudder reversal, followed approximately 1/2 turn l a t e r  by moT+ 
ment gf the s t i c k  well forward of neutral) w i l l  not satisfactorily 
terminate a rully developed spin. .Thus, cmpared to   the  resul ts  
presented i n  reference 1, it i s  apparent that the conventionalrtail 
ins ta l la t ion   o f fe rs   l f t t l e  improve4lent over the X - t a i l  arrrcngament. 

S m a l l  horizontal tail.- The t e s t  results obtained w i t h  the small 
horizontal tail installed on the model are s h m  on c h a r t  2. Only 
brief t es t s  were run w i t h  this tail installed on the model inasmuch 
as the spin and recoverg characteristics were simil&r t o  those obtained 
with the large horizontaL-tail  instollation. 

Modifications 

A few nodifications were made to the model i n  an attempt t o  improve 
the api-recovery characterfstics of t he  model. The modifications are 
tabulated on table IV and are classified a8 ineffective, marginal, o r  
effective. The t es t  results for  the modifications tested are  presented 
on charts 3 t o  7. 

The ventral-fin  modifioations 1 to 3 are c h s i f i e d  as ineffective 
because they did not  enable the model t o  recover  satisfactorily from the 
criterion  spin. The test m o u l t s  for the modifications are shown 
on charts 3 and 4 and sketches of the modl 3 icat iom are shown i n  
figures 5 and 6 .  

When the horizontal tail waa moved t o  the top of the f i n  (fig. 7) 
the model would  not remain i n  the spin  indefinitely at the  criteriorr- 
spin  control  sett ing  but would eventmXLy recovery wl-thout use of 
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the controls As is sham on .c& 5, however, f o r  the spin  testa t o  
the right the model took a m e  number of turns i n  a flat att i tude 

model dived out of the  spin. When the model was spinning at this flat 
at€itude,  unsatisfactoq recoverlea were obtained, even when rudder 
reveraal was acccmp@ed by rull reversal of the elevator. It thus 
appeara that f la t  spin8 and unsatisfactorg recoveries might possibly 
be obtained on t h e  airplane modified i n  ,this manner and, accordingly, 

i before the rotation impa3rted to the model on launching ceases and the 

. t N 8  modification €8 COXBideZ'ed -@I&.' 
< 

The two modifications  clamifled as ewectiye on table I T  
definitely led t o  satisfactory recovery characterfstics. With 
modification 5 i m t a l l e d  on t h e  model (large ventral fin shown on 
figure 6,  approximate flitl-acale arFa 17.94 sq I%), tho model did not 
spin a t  the criteri-pin  control  setting and the o r i g i n a l  launching 
rotation we8 d f q e d  out rapidly. This is the same size ven- f i n  
that appeared  necessarg to aatisfectorlly hqmove the recoveq 
characteristics of the &tail m o d e l  (reference 1). The tea t  results 
for  the model KLth this ventml   f in  installed are sham on chart 6. 
The other  effective  modification fs sham in ffgwe 8 for  the model 

- 88 tes ted  in  a right spin.  For  these test43 to the right, the left 
rear side of the fuaelage wa6 cut a w  (eide eqosed to the air stream) 
as indicated on figure 8 and the r5gh.t side (maqosed side) was 
retained. For the tes ts  t o  ths Left, the left side of the fieelage 
w&8 replaced and the right side we8 removed. The model t e s t  results, 
presented on chart 7, show a t  the model mccnrered satisfactorlly 
with this fuselage mbdification, indicating thet if  the airplane were  

the W l ,  t h e  conventional-tail desi- would probably lead to 
satisfautory reaoverles. 

constructed with a sufficiently f la t  and m a m u m ?  fuselage section near 

* 
As is sham on table Itr, although no increase i n  Ml-dampiq+ 

parer  factor w & 8 '  ef'fected by slicfng  off the side8 o? the f isekge 
(modification 6) the Bpi-recovery characteristics of the model were 
improved considerrbly, but when the horizontal tail WBB ra ised t o  the 
top of the fin,  causing a large increase  in t a i J A 8 z p i n g  power factor,  
the  spi~brecoverg  characteristics of t he  model were sti l l  not 
considered  satisfactorg. It appeara that flattening d Iurrrarlng 
the s ide  of the f b e l a g e  near thb tail probably caused an increase 
i n  damping by enabling an unrestricted flaw of air t o  reach the 
portion of the vertical. tail below the horizontal tail thereby 
increasing the effectiveness of the rudder below the h o r i z w t a l  tail, 
and, a t  -the same time, incre&ing the air "tmpping" effect of the 
horizontal tail. In addition, the f h h i d e d  IZrSelage probably 
provided mom rotati_onal damping thpst bid the rounclod fiu5e3-Etge. The 
fact that the spisrecovery cha;racteristics of t?le model were s t iU .  
not quite satisfactory even when the borizon.l;al tail ra ised to the 
top of the €'in i+c.ztes that for t h i s  shorbcoupled Ces ign ,  8 certain 
portion:.of-.the  vertical tail ma probably shielded by the Of the 
wing duriw t h e  spin, thus being ineffective in  -1% OW the spin 
rotation. 

* 

* 
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Based on results of t e s t s  of a male m o d e l  of the ~ ~ - 8 5  z- 
airplane wlth a conventional tail, t he  follawlng cbnCUions regarding 
the  spin and recoverg ohamxteristics of the airplane at a test 
alt i tude of 15,OOO feet  have been made: 

1. The ally developed spin w i l l  probably not be satisfactorily 
terminated. by normal-control  manipulation for recoverg. Similar spin 
and recovery aharmterist ics w i l l .  be obtained with e i ther  the large 
o r  the small horizontal tail surfaces installed on the airplane. 

2. InstaUlng a large ventml f'in (17.94 sq ft, full-scele) below 
the tail of  the  airplane wiU. insure satisfactory recovery characteristics. 

3. Decre&.sin& the width of the fuselage ami making it f la t  sided 
rearward of the wing trailing edge will probably enable the alrplane . . 
t o  recovery  satisfactorily. 

Iangley Memorial Aeronautical. Iaboratoq 
Kational Advisory C a m i t t e e  fo r  Aeronautics 

Langley Field, Va. 

L 

Aeronautical Engineer 

ThC8LIa.S A. H&iTiS 
Chief of Stabi l i ty  Resemh Division 



c 

10 
\ 

I 

mCA rn No. L V l l  

4. Z i n a n e r m a n ,  C. E. : Frel3mbm-y Testa i n  the H.A.C.A. FreeSpiIlning 
Wind -1. NACA Rep. No. 557, 1936.. 

5. Seidman, Oscar, and Neihause, A. X. : Cmpxrlson of FreGpinning 
Wi"el Results w i t h  Comesponding Full43~ale  Spin  Results. 
NACA MR, Dec. 7, 1938. 

6 .  Neihouse, A. I.: A Masdis t r ibu t ion  CrlterLon f o r  Predicting the 
EfYect of Control  Manipulation on the R e c a v e r y  Fran a Spin. 
NACA AFlR, Aug. 1942. 



MACA RM No. LEI1 11 

I 

c 

* 

Length, ovezw3ll, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .15.00 

Wing: 

spaa, ft . . . . . . . . . . . . .  ; . 
Section, t i p  . . . . . . . . . . . . . .  
h a ,  eq ft . . . . . . . . . . . . . .  
Section, root.. . . . . . . . . . . . .  
Root chord Incidence, dog . . . . . . .  
Tip choni lmidence, beg . . . . . . .  
Aspsot r a t io  . . . . . . . . . . . . .  
Sveepback at a e m n t  ohor&, Qg . . 
Dlhe-1 of via, deg . . . . . . . . .  
Mean'bemdynanclc chord, in. . . . . . .  Le*ng edge of 5 an h b a d i ~ d g e  mot 

. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  
O h O l d ,  

. . . . . . . . . . . . . .  .=.I2 . . . . . . . . . . . . . . .  100 . . . . . . . . . . . . .  HACA -10 

. . . . . . . . . . . . . . . .  1 . . . . . . . . . . . . . . . .  1 . . . . . . . . . . . . . . .  4.k1 . . . . . . . . . . . . . . . .  34 . . . . . . . . . . . . . . . .  -4 . . . . . . . . . . . . . . .  61.91 
in. . . . . . . . . . . . . .  41.36 

. . . . . . . . . . . .  F A  -10 

Lssdlngadge fl4)s: 
Location of hinge =ne, percent ahord . . . . . . . . . . . . . . . . . . .  15 . span, percent of . . . . . . . . . . . . . . . . . . . . . . . . . . .  40.3 

Ailemne: 
Total m a ,  aq ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lwation of hhge line, percent chord . . . . . . . . . . . . . . . . . .  
Bpan, percent of  b/2 . . . . . . . . . . . . . . . . . . . . . . . . . .  

Eorizontal tail 110. I: 
T o t a l a r e a , s q f t ' .  . . . . . . . . .  : . . . . . . . . . . . . . . . .  
Elevator area, a f t  hinge =he, eq ft . . . . . . . . . . . . . . . . . .  
Aspeot r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Di8-e f r a n  normel o e n t e r  of gravity to elevator. 

hinge Une, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A i r f o i l  section . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Horizontal tail no. 2: 
Tota larea , sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Elevator area, aft hinge line, sq f t  . . . . . . . . . . . . . . . . . .  
Aspeot ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dietame noms1 oenter of W v i t y  to elevator 
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G-Wl 
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Vert ical  tail: . Total &a, sq'ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l?.& 
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Distance fram n o m  center of gravity to rudder hinge 

l ine  at horizontal-atabilizeIwhord plan0 intersection, ft' 7.25 
A i r f o i l  section . . . . . . . . . . . . . . . . . . . . . . . . . . .  iNACA &&-OGg 

, .  . . . . . . .  
Tailrdamping ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0535 
&ehielded m d d e b o ~  o o e e k i e n t  . . . . . . . . . . . . . . . . . . . .  0.0362 
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-[C.URE 1. THREE-VIEW DRAWING CF THE I k ~ ~ ~ ~  I ~ E L  OF THE 

%DGNNELL XP-85 AIRPLANE WITH THECONVENTIONAL TAIL 
ARRANGEMENT A S  TESTED IN THE "FOOT FREE-SPINNINC T U N N p  
CENTER OF GRAVITY %OWN FOR NORMAL LQ4DINC.LARCE HORI- 
ZONTAL TAIL INSTALLED. 
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C... NACA RM No. L7111 

Figure 2. - The I - scale model of the McDo-mell XP-85  airplane with 
16 

the conventional t& arrmgement. 
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NACA EI;M No. L711.1 

AIRFOIL SECTION NACA 66-009 

fIN AREA 946 FT. 18.90"- 

TOTAL RUDDER AREA 6.39 FT. 

I_ 49.IOm 

I 

1 
NATIONAL ADDYISORI 

C O W T T E C  FOR ABRONAUTICS 

FIGURE 3.- CONVENTIONAL VERTICAL TNL TESTED ON THE $-SCALE 
MODEL OF THE MC DONNELL XP-85 AIRPLANE. 
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AIRFOfL SECTION NACA 66-009 
AREA  TAIL^ 13.22 FT.' 
AREA TAIL @ 15.96 FT.' 

r - Id  

- 17.47 " - 
HINGE*LINE = 65 % CHORD\ ' 

DIMENSIONS 
ARE FULL SCALE ~ 

I 

SYMMETRICAL ABOUT 

" i2 

/-TAIL 0 

I t 

32.56' 
I 

36-61 LI NATIONAL ADVISORY 

GONMITTEE FOR AERONAUTICS 

F l 5 U R E  4, - HORIZONTAL TAILS TESTED ON THE 
V16-SCALE MODEL OF THE M C  DONNELL XP-85 
AIRPLANE. 
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DIMENSIONS ARE FULL SCALE E- / i" 
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MOD. 2 
16.00" 

NATIONAL ADVISORY 

COMWTTEE FOR AERONAUTICS 

FIGURES. -VENTRAL FIN5 TESTED ON THE +SCALE 
MODEL OF-THE MC DONNELL XP-85 AlRPlANE 
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DIMENSIONS ARE FULL SCALE / 

k+ 88.00" 3 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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DiMENSIONS ARE 
FULL SCALE 
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100'' 

NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS - 
FIGURE 7. - MOD[FICATION 4 (LARGE HORIZON- 
TAL TAIL 'ATOP -FIN ) TESTED ON THE Vl6- 
MODEL'OF THE M C D O N N E L L  X P - 8 5  AIR-  
PLANE. 
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. DIMENSIONS ARE 
FULL SCALE 

ADVISORY 

COMMITTEE FOR AERONAUTICS 

FWRE 8.-MODIFK;ATION 6 SHOWlbk THE LEFT REAR SIDE 
OF THE FUSELAGE CUT AWAY AS TESTED FOR THE R I W T  
SPINS ON ME&-SCALE MODEL OF THE McDoNNELL 
X P-85 AIRPLANE, 
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Figure 9. - Photograph of the - scale model o i  the McEonne11 X F  -85 

airplane with the conventional  tail  arranEement sgitming in the Langley 
20-foot free-spinning  tunnel. 
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